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Soil microbial communities in the Arctic, one of the 
most rapidly warming regions on Earth, play an  
important role in a range of ecological processes. This 
report describes initial studies of natural soil bacterial 
diversity at a High Arctic site on Svalbard, as part of 
a long-term field environmental manipulation study. 
The impact of increased soil temperature and water 
availability on soil microbial communities was investi-
gated. The manipulation experiment, using open-top 
chambers, was installed in late summer 2014, and the 
soils were sampled soon after snow melt in July 2015. 
High throughput sequencing of 16S rRNA genes showed 
relatively uniform diversity across the study area and 
revealed no significant initial effect of treatments  
on bacterial communities over the first 10-month  
autumn–winter–spring manipulation period. 
 
Keywords: Arctic soil bacterial diversity, high through-
put sequencing, open top chambers, Svalbard. 
Introduction 
GLOBAL climate change is predicted to have a greater im-
pact at high latitudes, particularly in the Arctic, which is 
already warming and is expected to continue warming 
more quickly than lower latitude regions due to a pheno-
menon known as polar amplification1,2. Climate models 
predict warmer Arctic winters, which could both increase 
and decrease local snow cover and change the frequen-
cies of freeze-thaw cycles3. Together, these changes may 
lead to both an increase and decrease in water availability 
to microbiota, owing to the thawing of ice and greater 
drainage respectively4. Soil microorganisms are funda-
mental to major global biogeochemical cycles5, particu-
larly in polar regions6. The objective of the present study 
was to analyse, using a high throughput sequencing  
approach, the initial effects of open-top chamber (OTC) 
warming and water input on Arctic soil bacteria in a  
representative tundra habitat near Ny-Ålesund, Svalbard. 
Data presented here were obtained after a ~10-month  
autumn–winter–spring period following OTC deployment. 
Experimental design 
The experiment was established on 11 and 12 September 
2014 at Kvadehuken on the Brøggerhalvøya Peninsula, 
Svalbard (78°58.002′N, 11°28.446′E). Forty-eight plots 
in three blocks were established in an extensive area  
of periglacial patterned ground (Figure 1). Warming by 
OTCs (ITEX chambers7) and water amendment (1 L of  
deionized water) were applied in factorial combination to 
frost boils (Table 1). Soil samples (c. 1 g) were collected 
from each plot on 1 July 2015 and brought to the UK 
Arctic Research Station at Ny-Ålesund within 3 h to be 
frozen at –20°C. The frozen soils were subsequently 
transported to the University of Malaya, Kuala Lumpur, 
where they were stored at –20°C until further use. 
High throughput sequencing and statistical  
analysis 
Total genomic DNA was extracted from each soil sample 




Figure 1. The experimental site at Kvadehuken on the Brøgger-
halvøya Peninsula. 
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Table 1. Summary of the treatments applied in the simulated warming experiment 
Plot no.  Block OTC Water Plot no. Block OTC Water Plot no. Block OTC Water 
 
 1 1 0 0 17 2 0 0 33 3 0 0 
 2 1 1 0 18 2 1 0 34 3 1 0 
 3 1 0 1 19 2 0 1 35 3 0 1 
 4 1 1 1 20 2 1 1 36 3 1 1 
 5 1 0 0 21 2 0 0 37 3 0 0 
 6 1 1 0 22 2 1 0 38 3 1 0 
 7 1 0 1 23 2 0 1 39 3 0 1 
 8 1 1 1 24 2 1 1 40 3 1 1 
 9 1 0 0 25 2 0 0 41 3 0 0 
10 1 1 0 26 2 1 0 42 3 1 0 
11 1 0 1 27 2 0 1 43 3 0 1 
12 1 1 1 28 2 1 1 44 3 1 1 
13 1 0 0 29 2 0 0 45 3 0 0 
14 1 1 0 30 2 1 0 46 3 1 0 
15 1 0 1 31 2 0 1 47 3 0 1 









Laboratories, CA, USA) according to the manufacturer’s 
instructions. The V3 and V4 hypervariable regions of 
bacterial 16S rRNA genes were amplified by PCR8. Each 
reaction mixture (25 μl) contained 12.5 μl of 2X KAPA 
HiFi HotStart ReadyMix (Kapa Biosystem, MA, USA), 
10 μM of each primer, 12 ng of genomic DNA and 
10.5 μl of ultrapure water with conditions set according 
to the manufacturer’s instructions. Generation of a se-
quence library was conducted using the MiSeq System 
(Illumina Inc., CA, USA) at Monash University, Malay-
sia Genomics Facility, following the 2  × 250-bp paired-
end protocol. 
 The generated demultiplexed sequences were filtered 
according to base quality (q = 20) using CLC Genomic 
Workbench 8.5. Assembled sequences were processed 
with QIIME 1.8.0 (ref. 9) with Greengenes10 as a re-
source for taxonomic (OTU) assignment. They were then 
normalized via random sub-sampling at 1642 reads per
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Figure 3. Relative abundances of bacterial taxa at the phylum level in (a) block 1, (b) block 2 and (c) block 3. Further taxonomic details of each 
phylum shown here are given in Supplementary Tables 1–3. 
 
 
sample for alpha-diversity and beta-diversity calculations. 
UniFrac distances, both weighted and unweighted, were 
computed among all the samples to generate principal 
coordinate analysis (PCoA) plots. To test for significant 
differences in the mean PC1 scores of both the weighted 
and unweighted UniFrac distances between blocks and 
treatments, one-way ANOVA was conducted with a post 
hoc comparison using Tukey’s Honestly Significant  
Difference (HSD) test (IBM SPSS Windows version 19.0, 
NY, USA). 
Results and discussion 
Bacterial community composition at the OTU level was 
unaffected by either the OTC warming treatment or water 
amendment at an early stage of the field manipulation  
experiment (Figure 2). The community composition was 
also spatially uniform across the three experimental 
blocks in the field (Figure 3). ANOVA with Tukey’s 
HSD showed that no significant differences were present 
in the weighted or unweighted UniFrac PC1 scores be-
tween the different treatments in each of the three blocks 
individually, or between the three blocks (data not 
shown). No differences were apparent in the patterns of 
predominant bacterial phyla in soil from the different 
treatments and experimental blocks. The most abundant 
bacterial phyla were the Proteobacteria, Actinobacteria, 
Acidobacteria, Planctomycetes, Cyanobacteria, Chloroflexi, 
Bacteroidetes, Cyanobacteria and Verrucomicrobia (Fig-
ure 3). These represent previous Arctic soil records: for 
instance Acidobacteria, Bacteroidetes and Proteobacteria 
were all found to be frequent in permafrost of north-east 
Greenland11. 
 Our results demonstrate that 10 months of warming 
with OTCs did not influence the bacterial community 
composition of the studied soil, or the relative abundance 
of the predominant phyla. An absence of treatment effects, 
during a period in which the mean soil temperatures in 
control and chambered plots were –1.81°C and –1.19°C 
respectively, was not surprising as treatment effects of 
OTCs are usually restricted to the summer months12,13. 
 Other studies also show that Arctic soil microbial 
communities respond very slowly to warming treatments. 
Experiments using OTCs to warm High Arctic soils have 
shown significant changes in community structure and 
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genotype richness of nitrous oxide-reducing and atmo-
spheric nitrogen-fixing bacterial genes in soil, but only 
after 13 years. However, the most pronounced effects 
were recorded in wet meadows, suggesting the importance 
of water in determining microbial responses to warming 
treatments14. Such water-dependent warming effects have 
also been observed in fungal community responses to 
warming treatments of Arctic soils15. 
 In conclusion, this initial study found no immediate  
effects of warming and water amendment on soil bacteri-
al communities of Svalbard. Bacterial taxa variation  
between blocks and the number of OTUs present in soil 
was found to be negligible, indicating that this is a suita-
ble experiment in which to detect changes in bacterial 
community composition in response to environmental 
manipulations in future. 
 The metagenome sequence data from this study have 
been deposited in NCBI under the Sequence Read Arc-
hive (SRA) database with accession number SRP105234 
and BioProject number PRJNA356212. 
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